What observations and models tell us about
the future of land carbon dioxide uptake and
why it matters for future climate change
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e Climate system is driven by

— Forcings that impact the energy budget, water
cycle, or trace gas and aerosol composition of

atmosphere
— Feedbacks that reverse, limit, or enhance these
forcings
e Forests have low albedo, moderate
evapotranspiration rates, and high carbon
stores. They also cover a significant area of
the global land surface

— Consequently, forcings and feedbacks imposed
by forests are worth considering!
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Forests in the Earth System
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e The indirect sensitivity and feedbacks of
forest carbon cycle to climate change may
dwarf the direct sensitivity
— Direct effects
— Indirect effects

e Contemporary observations of forest

carbon exchange can be used to evaluate
and improve predictive simulation models
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What Do We Know?
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What Do We Know?

Since 1990:

e Global annual CO, emissions grew 25% to
27,000,000,000 tons of CO,

e CO, inthe atmosphere grew 10% to
385 ppm

e At current rates, CO, is likely to exceed
500-950 ppm sometime this century

e But: Rate of atmospheric CO, increase is about
half the rate of emissions increase. Why?
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Fossil fuel, cement and LUC

Atmospheric growth
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NE IDregrowth modeling
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What Don't We Know?

e Sitch et al., 2008
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What Don’'t We Know?
e Friedlingstein et al., 2006
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What Don't We Know?

e Ricciuto et al,, in prep
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Is There Any Consistency to

47 Flux Tower Sites

NACP Interim Site Synthesisl

A First Priority
A Second Priority
/\ Third Priority
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11 Fluxnet Canada

Schwalm et al., 2010

30 Models
Num Model Num Model
1 Agro-IBIS 16 GTEC
2 BEPS 17 ISAM
3 Biome-BGC 18 ISOLSM
4 Can-IBIS 19 LoTEC
5 CLM-CASA' 20 LoTEC-DA
6 CLM-CN 21 LPJ wsl
7 CN-CLASS 22 ORCHIDEE
8 DAYCENT 23 ORCHIDEE-STICS
9 DLEM 24 SiB3
10 DNDC 25 SiBCASA
11 ecosys 26 SiBCrop
12 ED2 27 SIPNET
13 EDCM 28 SSiB2
14 EPIC 29 TECO
15 GFDLLM3V 30 TRIPLEX-Flux

24 submitted output
10 runs per site



ALL MODELS - SIGNIFICANCE
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N America is in Demographic Transition
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Disturbance Frequency is Poorly Constrained

Fire: 40,000 km?/year
Harvest: 50,000 km?/year
Insects: larger

Storms/hurricanes: > 17,000 km?/year

Disease: ?7?7
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Direct Effects

e Gross Primary Productivity (GPP)
— PAR, VPD, T, Q_,, [CO,], N

e Ecosystem Respiration (ER)
- T, Q., C:N

soil’ avail
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The Value of Network Science

e Ecology is a “synthesis” science
Carpenter et al., 2009
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Temperature and Dryness Explain

Mean annual NEE (t C ha* yr?)
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Some Convergence of GPP

Data—driven:
Median
— Process Models:
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GPP Controls Are Understood?

Baer et al., 2010, Science

Partial correlation median GPP and air temperature




* Low-frequency
component of
respiration sensitivity
to temperature is
consistent across
space

Mahecha et al., 2010, Science
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Indirect Effects

e Lagged or coupled responses of climate to
carbon uptake

— Temporal/spatial lags: Phenology, hydrology

— Forest dynamics (recruitment, mortality,
growth): Successional trajectory

— Disturbance frequency/intensity



Phenology Explains GPP, too!

Later springs lead to lower productivity in U.S. northeastern forests
Spring flux integral
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Coherent Carbon Sinks Imply Climatic
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Model-Data Assimilation Shows

o US-WCr = US-UMB 4 US-Syv ¢ US-Los + US-PFa
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Even When Model is Forced to

o US-WCr = US-UMB 4 US-Syv ¢ US-Los

US-PFa

NEE anomaly modeled (gC m=2 yr)

Desai et al., 2010
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But Model Explains Coherent Flux

e US-WCr = US-UMB 4 US-Syv ¢ US-Los  US-PFa
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e Niwot Ridge Ameriflux subalpine fir/spruce
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NEP (g C m—2 yr-)
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Moisture Matters
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Snow Water Drives Productivity
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of Hydrolog

a) Respiration anomaly versus water table anomaly

; 1-5 T T T T
©
2
g 1.0
o ® ® US-Los
E 0.5r = m Ca-WP1
< A Ao WF Fen
g 0.01 * % SHFen
© 0.5 O O SF bog
s o o CA-Mer
R
— Fenfit ~ o
£ —1.0f  Bog fi - Fenr? = 0.74 p = 0.000 -
s og fit -
2 Bogr’ = 0.47 p = 0.021
—1.240 —30 -20 —-10 0 10 20
b) GEP anomaly versus water table anomaly
2.0 T T T T T
= 1.5
3
~ L1.0r
£
o 0.5f
=2
> 0.0
£
£ —0.5f {
c
© —1.0-
T Fenr’ =0.84 p=0.000 .~
© —1.5[ Bogr =0.48 p=0.018 - }
_2. 1 1 1 1 1
%0 —30 —20 —10 0 10 20

Sulman et al. (2010) Water table height (cm)



Do Models Get This?

e Six model intercomparison

— Residuals = Modeled flux — Observed flux
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Disturbance
Chronosequences
with Annual NEP
measured by eddy
covariance
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9id Carbon Sink Recovery Post-Fire
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Consistent Ratio of GPP/ER With Age
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Bugs Are Complicated!
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Extensive Bark Beetle Tree Mortality

M Spruce beetle

Mountain pine beetle
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Growth Reduction Decreases NEP

pathogen/
insect type

growth
reducer/
defoliator

tree killer

Usually a temporary phenomenon
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Hicke et al. in revision




Tree Mortality Decreases NEP
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Mortality Recovery Drives Flux Response
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e More model intercomparison and
benchmakring (MsTMIP, C-LAMB)

e Long-term carbon-cycle observatories
(Fluxnet/Ameriflux, NEON, Inventory)

e Remote-sensing of disturbance (LEDAPS)

e Large and small scale manipulative
experiments (FASET, ABoVE, MnSPRUCE)

e Theoretical advancement

e Vegetation dynamics in IPCC models:
Phenology, large-scale episodic
disturbance, succession, wetland hydrology
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D C onventi on aI Figure 1. Conceptual d.iagram of forest age and producfi(.)n.
Recent data have called into question the extent of productivity
theo ry suggests decline in mature-to-senescing stands. Most ecosystem models are
d e CI inin g poorly equipped to simulate forests in this older age range.
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Changes in
productivity:

« Warming in cold
climates

» CO, fertilization

* Increased
precipitation

* Increased
nitrogen
deposition

* Increased
drought pressure

Climate change pressure

Productivity
multiplier

Model
parameter

Changes in Changes in
disturbance rates: decomposition
rates:

« Severe storms « Warming leads
* Logging and land to faster

use change decomposition
* Insect outbreaks rates
 Fire * Increased

drought pressure

¥ ¥

Disturbance Decay rate
interval multiplier

Sulman et al., in prep



Most Complex Model Has Similar

Combination effects of three

parameters:

Nutrient limited simulation
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e Multi-year multi-site flux-tower observations provide
evidence for mechanisms that link phenology, hydrology,
and biotic disturbance to carbon cycle

e Ecosystem models need continued “acid tests” to
constrain and select optimal model structure and
parameters

e Things | didn’t talk about:
— Plant and microbial adaptation
— Invasive species, herbivory, population dynamics
— Rapid climate change
— Nutrient cycling
— Aquatic-terrestrial linkages
— Coupled water/carbon cycle and boundary layer feedbacks
— Lots of things!



ir-101,

e Desai Ecometeorology Lab (flux.aos.wisc.edu):
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e Funding partners: UW Graduate school, NSF,
UCAR, NOAA, USDA NRS, NASA, DOE, DOE NICCR,
WI Focus on Energy



Model Complexity Drives

200-year modeled mean NEE for
different parameter combinations
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